Abstract-KPiX is a 1,024 channel "System on a Chip" intended for bump bonding to large area Si sensors, enabling low multiple scattering Si strip tracking and high density Particle Flow calorimetry for SiD at the International Linear Collider (ILC). It may be used for hadronic calorimetry readout with RPC's or GEM's, and with a scintillator-based muon system using SiPM's. An electromagnetic calorimeter prototype will be beam-tested in early 2013.
The tracker consists of a 5-layer barrel and two 4-layer endcaps. The barrel sensors are lO cm square Si strip sensors with 50 micron readout pitch, each with two KPiX chips and a thin power and data cable as shown in Fig. 2 . The sensors are held in low mass clips, and are then mounted on carbon fiber support cylinders. The electromagnetic calorimeter consists of 26 Xo tungsten in 30 plates (20 x 2.5 mm followed by lO x 5 mm), interleaved with Si detectors as shown in Fig. 3 . The calorimeter gaps are expected to be less than l.25 mm, optimizing the Moliere radius and minimizing the radial extent of the calorimeter. The readout for the tracker and calorimeter, and possibly other detector systems of SiD, is based on KPiX [2] , a 1,024 channel 0.25 micron mixed-mode process CMOS ASIC "System on a Chip". The architecture of KPiX takes explicit advantage of the beam structure of the ILC: �3,000 pulses during alms train, repeating at 5 Hz. The analog front end current is modulated during the 199 ms intertrain period to a low power state, saving about a factor of lOO in average power conswnption. from sub minimum ionizing particle (mip) (320 micron silicon) to more than 2,000 mip. In normal operation, the charge amplifier is synchronously reset after each bunch crossing. KPiX also has a calibration system for each channel, servos for leakage compensation, "DC" reset for asynchronous operation for testing with cosmic rays, and polarity inversion for use with GEMs and similar detectors. The noise floor is about 0.15 fC (�1,000 electrons), and the maximum signal is 10 pC (utilizing the dynamic range switching). The full dynamic range corresponds to 17 bits.
More details of the circuit are discussed in [2] .
KPiX is intended to be bump bonded to the various Si sensors. Sn-Pb eutectic bumps on a 200 x 500 micron lattice are placed in wells on each KPiX pad by the foundry [3] . All sensor signals are routed to corresponding pads on a second metal layer, and pads and traces are also provided for power, clock, control, external trigger, and data signals to connect to a bump bonded cable. Thus there is no hybrid, and the resulting assembly for the electromagnetic calorimeter sensor, shown in A cable assembly incorporating strain relief (for the thermal cycle of the attachment) was bump bonded to the sensor, as shown in Fi 6. The KPiX calibration system is used to measure crosstalk with KPiX bonded to the sensor. Four pixels receive a charge of 500 fC and the response of all remaining pixels is measured. Fig. 9 shows in blue the residuals when the calibration charge is set to zero, together with a Gaussian fit to the data. The red curve shows all pixels except the four pulsed ones. The mean has shifted by -0.04 fC and a few more events show up in the tails four orders of magnitude down from the peak. Fig. 9 . Residuals of spectator pixels with (red) and without (blue) the four 500 fC calibration signals, plus a Gaussian fit to the data. The collaboration is now in the process of preparing 30 sensors for a test beam calorimeter, as shown in Fig. 11 . 
